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distributionAbstract The objectives of this work are to determine the main environmental drivers of zoo-
plankton variability in water of Matrouh beach, south-eastern Mediterranean Sea and to evaluate
the differences in zooplankton abundance and population structure in relation to chemical and bio-
logical parameters. Samples were collected seasonally from summer 2009 to summer 2010 at 10
sampling beaches. The zooplankton community was characterized by its high variability, and lower
diversity. Zooplankton variability primarily responded to seasonal changes in water temperature
and variation in salinity. In total, 49 zooplankton species were quantiﬁed; most of them were
protozoans (22 species) and copepods (14 species). The average zooplankton abundance was
36.0 · 103 ind. m3, where copepods were dominant, making up 72.4% of the total population.
Protozoa formed the second group, comprising 11.7%. Differences in species diversity were
analysed in a zooplankton community, where the dominance of a single species was frequent.
The Shannon–Wiener Diversity Index classiﬁed Matrouh water as being between moderately
polluted and polluted, whereas the WQI demonstrated that it was between good and excellent. It
can be concluded that, the index based on WQI is currently more suitable than the zooplankton
species index for assessing the quality of water of Matrouh beaches.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Coastal Mediterranean water is among the most productive
marine environments; where anthropogenic inputs often result
in more eutrophic conditions (Levinton, 1995). In recent dec-ades urban coastal settlements exert strong pressures on the
environment, and coastal zones around the globe are showing
increasing evidence of degradation due to human activities,
which subsequently inﬂuence the living resources and human
health (Marcus, 2004; Duarte et al., 2009). Environmental deg-
radation includes the loss of coastal water quality through,
among others, the impact of excess nutrients and the presence
of organic pollutants originating from the industrial discharge
and domestic sewage (Avanzini, 2009; Boissery, 2009). These
features will enhance primary productivity leading ultimately
284 S.M. Aboul Ezz et al.to eutrophication (Dorgham et al., 2004; Gharib and
Dorgham, 2006; Shams El Din and Abdel Halim, 2008) which
reduces water quality and recreational water usage.
Tourism has become one of the most important factors
in the economies of most areas along the Egyptian coast;
most of the associated amenities are located there. The suc-
cess of the tourist industry in those areas is often associated
with an intact natural environment, and so water quality is
an important factor for tourists in their choice of destina-
tion and should not be underestimated. The coastal zone
of Egypt, including several beaches, has been exposed to
various environmental problems. Matrouh is one of the
most beautiful cities in Egypt, with many beaches where
people can relax and enjoy themselves. Estimates of water
quality based on physicochemical properties give us a clear
picture. Reﬂecting the composite inﬂuence of different water
quality parameters, the water quality index (WQI), is also
useful for the classiﬁcation of waters, and can give us an
indication of the health of the water. Changes in the
abundance, distribution and succession of zooplankton
organisms are indicative of changes in the environmental
conditions (Capriulo et al., 2002; Marques et al., 2008;
Falca˜o et al., 2012).
Although several studies have focused on the zooplankton
along the Egyptian Mediterranean coast mainly from hot
spots, during the last years (Abdel Aziz et al., 2006; Zakaria,
2006; Abdel-Aziz et al., 2007) a lack of knowledge about the
assemblages in the coastal area of Matrouh beaches and a
clearly comparative analysis of the communities, with different
hydrographical conditions, seems to be missing. On the other
hand, a study extending offshore perpendicularly to the coast
line in front of Matrouh during autumn 2000 and winter
2001 showed that the population densities were relatively low
amounted 647 and 252 ind. m3, respectively, and was domi-
nated by Paracalanus parvus, Oithona nana, Oithona plumifera,
Eucalanus attenuates, Calanus brevicornis and the protozoans
Globigerina bulloides and Favella ehrenbergii (Abdel-Aziz and
Aboul-Ezz, 2003).
Many authors have suggested the use of zooplankton as
indicator of the total change in water quality (as: Edwards
et al., 2001). In this context, our objective is to follow the spa-
tiotemporal variation of the zooplankton community and its
relationship with environmental parameters in different bea-
ches of Matrouh.
Material and methods
Study area
Matrouh is located on the north-western Mediterranean coast
of Egypt, 290 km west of Alexandria. The beaches at Matrouh
extend for a distance of seven km and considered as one of the
most beautiful beaches in the world. The sea water is blue–
green in colour, with no visible algae formation, and very
transparent. It is protected from the open sea by a series of
rocks forming a natural breakwater with a small opening to
allow some wave penetration and ensure good water quality.
The beaches selected for analysis were chosen to reﬂect differ-
ences in the physicochemical and biological characteristics
existing in the same body of water (Fig. 1). Beaches 4, 5, 6, 7
and 8 are situated in the lagoon, while beaches 9 and 10 liesome 20 and 28 km west of the lagoon respectively. Beaches
1, 2 and 3 lie to the east of the lagoon.
Methods
A total of 50 water samples were collected seasonally from ten
coastal beaches (summer 2009 to summer 2010). Speciﬁcally,
August 2009, November, January 2010, April and August,
these samplings were designated as: summer 2009, autumn,
winter 2010, spring and summer monitoring, respectively. At
each station 500 liters were ﬁltrated using a standard plankton
net (mesh size 50 l) and using a plastic container of ten litre
capacity. The collected samples were preserved directly with
4% formalin solution. The volume of each sample was concen-
trated to 100 ml and subsample of 5 ml was transferred into a
countering cell and each plankter was countered separately
using a research binocular microscope.
Physicochemical parameters as well as phytoplankton sam-
ples were taken at the same time as the zooplankton samples
(Gharib et al., 2011). Water Quality Index (WQI) is a mathe-
matical tool used to transform some quantities of water char-
acterization data into a single number that represents the water
quality level (Sanchez et al., 2007). The seven parameters
selected were pH, dissolved oxygen, nitrate, nitrite, ammonia,
phosphate and silicate. Then, a quality value (Q value) from 0
to 100, based on the normal data range, was assigned to each
parameter. Each Q value was multiplied by a weighting factor
based on the importance of the parameter, and summation of
the weighted Q values yielded the WQI, which deﬁnes the
water as very bad, bad, medium, good or excellent.
Statistical analysis
Three indices were used to estimate the community structure:
diversity (H0) (Shannon and Wiener, 1963), dominance (D)
(Simpson, 1949) and evenness or equitability (J) (Pielou,
1975). The Spearman rank correlation (r) was used to evaluate
the relations between environmental variables and zooplank-
ton abundances at each sampling station (N = 50) with SPSS
8.0 Statistical Package Program.Results
Zooplankton community structure and composition
From the analysed data, a visible change in the zooplankton
community with regard to numerical abundance and species
composition was evident among beaches and in the seasonal
cycle. In total, 49 zooplankton species were quantiﬁed through
the analysis of the 50 samples collected from ten beaches in 5
seasons, including the larval stages of different groups. Most
of them were protozoans (22 species: 2 non tintinnid ciliates,
9 tintinnids and 11 species foraminiferans). Copepods formed
14 species, rotifers 4 species and Mollusca 3 species. Nema-
todes, cnidarians, annelids, bryozoans, insects and cladocerans
were represented by only one species each.
Copepoda and Protozoa were more abundant both qualita-
tively (73.5%) and quantitatively (84.0%) than the other taxo-
nomic groups. They were conspicuous as the two most diverse
groups with 28.6% and 44.9% of the total species number,
Name of beaches: 
1 El-Remalah  2Alam El-Room  3Mena Hashesh  4El-Fayroz  5Romel   
6 El-Boseet    7 Cliobatra  8 El-Gharam  9 El-Obayed 10 A`gebah 
Figure 1 Area of study and sampling beaches.
Zooplankton variability in Matrouh beach 285respectively. While Copepoda was quantitatively the predomi-
nant division (72.4%), the total number of species on the sam-
pled beaches demonstrated more pronounced variations at the
spatial scale than the temporal one. A high diversity (30 spe-
cies) was recorded at beach 10, followed by 19 and 17 species
at beaches 8 and 5. Approximately similar numbers of species
(11–15 species) were recorded at beaches 3, 1, 7, 4 and 2, while
a conspicuously smaller numbers (5–9 species) were found at
beaches 9 and 6. Greatest taxon richness was recorded in
spring (30) and lowest number was recorded in summer,
2009 and winter, 2010 (16).
Out of 49 species recorded, only 4 species could be encoun-
tered as perennial existing during the ﬁve seasons. These
species were: Paracalanus parvus (Claus, 1863), Oithona nana
(Giesbrecht, 1893), Euterpina acutifrons (Dana, 1847) and
Heliconoides inﬂatus (d’Orbigny, 1834).
The average zooplankton abundance was 36.0 · 103
ind. m3, with highest density (101.2 · 103 ind. m3) recorded
at beach 7, and lowest (4.5 · 103 ind. m3) recorded at beach
1, where copepods were predominant, making up 72.4% of
the total zooplankton population. The highest copepod densi-
ties were observed at beaches 5 and 7. Their larval stages (nau-
plii and copepodites) respectively, made up 42.0% and 29.6%
of the total copepods and total zooplankton. Copepoda was
represented by 4 orders: Calanoida (7 species), Cyclopoida (2
species), Harpacticoida (2 species) and Poecilostomatoida (2
species). Among the most dominant copepod species are
Oithona nana and Euterpina acutifrons (45.6%, 33.0% and
6.5, 4.7% of the total copepods and total zooplankton,
respectively).
Protozoa formed the second most important group, com-
prising about 11.7% of the total zooplankton counts with an
average of 4.2 · 103 ind. m3. Protozoans showed high exis-
tence at beaches 2 and 3 (28.7% and 40.8%, respectively).
Their abundance decreased to its minimal value at beaches 4
and 7 (4.64% and 0.52%). Protozoans were mostly represented
by foraminifera, forming 90.0%, and 10.5% of the total proto-
zoans and total zooplankton, respectively. Elphidium crispum
(Linnaeus, 1758) and Adelosina sp. were the most dominantspecies (28.2%, 21.0% and 3.3%, 2.5% of the total protozoans
and total zooplankton, respectively). Mollusca came in the
third position (9.5%) and showed higher percentage at beach
3 (23.1%) and beach 9 (22.7%), decreased to reach minimal
at beaches 5, 6, 7 and 9 (3.1–3.7%), and was represented by
Heliconoides inﬂatus. Free living nematodes were relatively
abundant in beach 2 (5.8%) and beach 9 (3.0%). Bryozoa con-
tributed as little as 0.5% of the total count. Although rotifers
were represented by 4 species, collectively they formed only
about 0.4% of the total zooplankton, with relatively high num-
bers of Keratella quadrata (Mu¨ller, 1786) at beach 5 during
spring and summer, 2010.
Shannon index of diversity (H0) values generally increased
in parallel to the number of species throughout the study per-
iod. The highest diversity (H0 = 2.31 bits) was observed in
summer 2010 at beach 10. On the other hand, the dominance
of a single species was frequent, and leading to the exclusion
of all the rest (inferior species). This was detected in autumn
(beaches 3 and 5), winter (beach 1), spring (beaches 4 and 7),
and in summer 2010 (beach 9). The overall mean zooplankton
diversity index values (H0) were 1.28 ± 0.39 (summer, 2009),
1.08 ± 0.72 (autumn), 1.18 ± 0.70 (winter, 2010),
1.32 ± 0.77 (spring) and 1.32 ± 0.69 (summer). In general,
number of species increased in parallel to increasing zooplank-
ton abundance. Species evenness (J) varied between
0.78 ± 0.18 in summer 2009 and 0.91 ± 0.08 in autumn, with
relatively higher values generally sporadically recorded,
indicating a reduction in the degree of dominance. Higher
values of diversity, richness and evenness indices occurred at
station 10. The correlations of zooplankton abundance with
species diversity indices were insigniﬁcant (r= 0.065,
p= 0.655). Changes in species diversity were greatest across
regions, and smallest on seasonal scales, in contrast to abun-
dance patterns, suggesting that zooplankton diversity may be
a more sensitive indicator of ecosystem response to regional
variation and to less extent zooplankton abundance. This
appeared from the low positive correlation between the
abundance of total zooplankton and number of species
(r= 0.36, p< 0.05).
286 S.M. Aboul Ezz et al.Seasonal variations of the zooplankton standing crop
During summer 2009, lowest zooplankton abundance
(8 · 103 ind. m3) was recorded at beach 1 and highest
(160 · 103 ind. m3) was recorded at beach 5, with an average
of 54.6 · 103 ± 53.0 · 103 ind. m3. The community was dom-
inated by copepods (75.5%) in which larval stages formed
21.6% of the total community, Protozoans (13.2%), molluscs
(4.8%) and bryozoans (2.9%). The leading species were the
copepod Oithona nana (51.3%), as well as the protozoans
Elphidium crispum (8.1%) and the molluscs Heliconoides
inﬂatus (4.8%).
In autumn, the zooplankton standing crop dropped to
reach an average of 8.6 · 103 ± 9.4 · 103 ind. m3. It showed
high ﬂuctuation between 0.1 · 103 ind. m3 (beach 2) and
3.0 · 103 ind. m3 (beach 7). The contribution of copepods to
the total zooplankton has been represented by 50.0%, in which
nauplius larvae formed 27.9% of the total copepods.
Moreover, the dominant adult species was the harpacticoid
Euterpina acutifrons (30.3% of the total copepods). Molluscan
larvae were the second most abundant group making up
20.9% of the total zooplankton count. They were dominant
by lamellibranch veligers (88.9% of the total molluscs). During
this season, nematodes and annelids contributed 5.8% of the
total count for each. Eventually, one species of harpacticoid
dominated the zooplankton community at beach 3, and nau-
plius larvae at beach 5.
The zooplankton standing crop was the smallest during
winter 2010 (average: 6.4 · 103 ± 6.8 · 103 ind. m3) ranging
between 0.2 · 103 ind. m3 (beach 6) and 20.0 · 103 ind. m3
(beach 7). Copepoda and molluscs had the similar values
(41.4% of the total zooplankton). Euterpina acutifrons and
nauplius larvae formed >60% of the total copepods. Winter
was the most productive season for molluscs, represented
41.4% of the total zooplankton and represented by lamelli-
branch veligers. Protozoans were the third abundant group
making up 9.7% of the total zooplankton count. They were
dominant by the foraminiferans Elphidium crispum (51.6% of
the total Protozoa). Cnidaria contributed 1.6% to the total
community and represented by Obelia sp. Eventually, only
lamellibranch veligers dominated the zooplankton community
at beach 1.
Zooplankton ﬂourishes during spring to reach an average
of 40.9 · 103 ± 39.9 · 103 ind. m3. The density ﬂuctuated
between 2 · 103 ind. m3 (beach 7) and 106 · 103 ind. m3
(beach 5). The community was dominated by copepods
(57.9%). Euterpina acutifrons and Paracalanus parvus formed
collectively 31.3% of the total copepods, while larval stages
constituted 49.0%.
Protozoans were the second most abundant group making
up 25.4% of the total zooplankton count. They were dominant
by the genera Adelosina and Globegrina (40.3% and 23.1% of
the total group). Molluscs third in importance (11.7%) in
which Heliconoides inﬂatus and lamellibranch veligers were
dominant. Free living nematodes constituted 2.9%. Eventu-
ally, one species of tintinnid Petalotricha ampulla dominated
the zooplankton community at beach 7, and nauplius larvae
at beach 4.
In summer, the zooplankton crop was larger than other sea-
sons (average: 70.7 · 103 ± 121.7 · 103 ind. m3). The density
ranged between 0.1 · 103 ind. m3 (beach 2) and 392 · 103ind. m3 (beach 7). It was the most productive season for
copepodans, represented 82.7% of the total zooplankton.
Moreover, the dominant adult species was Oithona nana
(50.0.0% of the total copepods), with an increase of their larval
stages (46.2% to the total group). Protozoans were the second
most abundant group making up 4.0% of the total zooplank-
ton count, Globegrina sp. (28.6%), Textularia agglutinans
d’Orbigny, 1839 (21.3%) and Adelosina elegans (14.2%). Even-
tually, one species of nematodes existed in the zooplankton
community at beach 9.
Correlation analysis
The statistical relationships between the composition of zoo-
plankton and the physicochemical environment variables at
different beaches were analysed. The environmental variables
that best correlated with the zooplankton patterns were water
salinity (r= 0.466, p< 0.05), followed by water temperature
(r= 0.390, p< 0.05). Speciﬁcally, salinity affected the group
of crustaceans (r= 0.493, p< 0.001) and temperature
(r= 0.367, p< 0.05) and in turn affected the presence of their
nauplii. None of the other correlations between zooplankton
groups and environmental variables were statistically signiﬁ-
cant (p> 0.05).
The best correlation was between phosphate and WQI
(r= 0.816, p< 0.001), followed by that between silicate
and ammonia (r= 0.636, p< 0.001).
Discussion
General speaking, the water quality was detected and mea-
sured using various physical, chemical and biological methods.
The biological analysis, i.e. the analysis of zooplankton com-
munities was carried out in support of the interpretation of
the results obtained from the physicochemical analysis of the
water as well as phytoplankton samples which were taken at
the same time as the zooplankton samples (Gharib et al.,
2011). The monitoring of zooplankton is of great importance
because monitoring based solely phytoplankton or physico-
chemical analysis is sometimes insufﬁcient.
The study area is one of the less populated areas in Egypt,
but has become an attractive place in summer and autumn for
the beauty of its water. Beaches 4, 5, 6 and 7 are set in a
lagoon: this is protected from the high seas by a series of rocks
forming a natural breakwater with a small opening to allow
some wave penetration and ensure good water quality. But
owing to the large numbers of summer and autumn visitors,
these beaches occasionally exhibit high nutrient concentra-
tions, high phytoplankton and zooplankton densities.
Nutrient concentrations at the Matrouh beaches were lower
than in other areas along the Egyptian coast. For instance, in
the study area, nitrate, nitrite, ammonia, phosphate and sili-
cate concentrations respectively varied in the ranges 0.13–
5.10 lM, 0.01–0.30 lM, 0.18–16.83 lM, 0.01–7.30 lM and
0.20–4.79 lM, whereas in the Western Harbour, west of Alex-
andria, previous nitrate, nitrite, ammonia, phosphate and sili-
cate concentrations varied in the ranges 0.21–20.46 lM, 0.29–
3.30 lM, 0.56–57.46 lM, 0.12–5.70 lM and 0.30–36.30 lM
respectively (Dorgham et al., 2004).
Water quality in an aquatic ecosystem is determined by
many physical and chemical factors (Sargaonkar and
Zooplankton variability in Matrouh beach 287Deshpande, 2003). WQI is also suggested as being a very help-
ful tool enabling the public and decision makers to evaluate
the water quality. The results indicated that the water quality
of different beaches in Matrouh ranged from good to excellent.
However, it was generally observed that 48.00% and 52.00%
of all seasonally computed WQI values correspond to
‘excellent’ and ‘good’ water quality respectively. From the
correlation coefﬁcients between WQI and water quality
parameters, it is evident that phosphate was the factor
governing the computed WQI values of Matrouh beach waters
(r= 0.816, p< 0.001).
The average zooplankton standing stock (mean: summer,
2009–summer, 2010) in Matrouh beaches was 36.0 · 103
ind. m3 and Copepoda was the dominant group (72%
of the total). The seasonal averages of zooplankton
were: 54.6 · 10 3 ind. m3 ± 53.0 · 103 ind. m3 (summer,
2009); 8.9 · 103 ind. m3 ± 9.4 · 103 ind. m3 (autumn);
6.4 · 103 ind. m3 ± 6.8 · 103 ind. m3 (winter, 2010);
40.9 · 103 ind. m3 ± 39.9 · 10 3 ind. m3 (spring) and
70.7 · 103 ind. m3 ± 121.7 · 103 ind. m3 (summer). The
high standard deviation values found in the zooplankton
abundance of ﬁve seasons were due to the pronounced
differentiation among different beaches. Seasonal variations
in zooplankton species composition and abundance are
believed to depend on interactions between physical and chem-
ical factors, which are in turn inﬂuenced by climatic factors
(Sameoto, 1984).
The mean zooplankton abundance was much higher than
that recorded before by Nour El-Din (1987) along the inshore
Egyptian waters during 1970–71 (3.7 · 10 3 ind. m3) and
1984–85 (2.0 · 103 ind. m3) in which Copepoda predomi-
nated by approximately 87% of the total zooplankton. Among
copepods which are considered biomass builders in our study
are Oithona nana, Euterpina acutifrons and Paracalanus parvus.
These species are more commonly found in other environ-
ments of the Mediterranean Sea (Vignatti et al., 2007;
Echaniz et al., 2008) and were considered of cosmopolitan dis-
tribution (Segers and De Smet, 2008) and euryhaline (Johan
et al., 2012). They are strictly coastal, lacking, or extremely
rare in offshore zones but dominant in neritic waters
(Zakaria, 2006), furthermore Oithona spp. are the most ubiqui-
tous and abundant copepods in coastal environments
worldwide (Gallienne and Robins, 2001). Biodiversity of the
copepod community was not adversely affected by the differ-
ences in the average nutrient load in the investigated area.
Inter comparisons of the sampling beaches based on the abun-
dances of total copepods as the most abundant constituent,
showed great differentiation in the studied area (Fig. 2).
Analysis of the main environmental inﬂuences on zoo-
plankton abundances showed that zooplankton primarily
responded to physical parameters, such as temperature and
salinity. Thus copepods responded positively to temperature
and salinity at group level, while for other groups no relations
were observed. The conditioning effect of temperature on zoo-
plankton groups and species is documented in large parts of
zooplankton investigations (Ferna´ndez De Puelles et al.,
2004; Marques et al., 2006). Some species were spatially con-
trolled by local salinity variations, with for instance, Oithona
nana and nauplius larva favouring higher salinity (r= 0.458,
p< 0.05 and r= 0.529, p< 0.001, respectively). Spearman’s
rank correlation coefﬁcient results suggested that chemical
parameters measured during this investigation had no directinﬂuence on the zooplankton variability, with the exception
of water salinity.
Omnivorous copepods, such as harpacticoids, mostly repre-
sented by Euterpina acutifrons, were signiﬁcantly determined
by the availability of Protozoa, bivalve larvae and diatoms
as highly important prey categories. Sautour and Castel
(1993) suggested that Euterpina acutifrons mainly thrives on
small phytoplankton cells, but opportunistically ingests other
small-sized particles. It is important to notice that other higher
ranking copepods such as Oithona nana is broadly omnivo-
rous, but with preferential feeding for microzooplankton and
motile pray (Lonsdale et al., 2000; Atienza et al., 2006).
Numerical ﬂuctuations of zooplankton did not always coin-
cide with the same for phytoplankton (Rickett and Watson,
1992). However, occasionally beaches of the maximum zoo-
plankton abundance do not coincide with those of the highest
phytoplankton concentration (Gharib et al., 2011), as occurred
during summer, 2009 at beach 5, this contrast might be due to
zooplankton predation. In particular, the zooplankton com-
munity consists mainly of the small-sized copepods such as
Oithona nana, Euterpina acutifrons, Eucalanus crassus beside
copepod nauplii. In the same time, a good coupling occurred
between phytoplankton and zooplankton suggested by higher
abundances occurred of both groups during summer, 2010,
and lower in winter. This coupling occurs also at beaches scale
during spring and summer, 2010 when the highest phytoplank-
ton and zooplankton occurred at beaches 5 and 7, respectively.
Perhaps some of the zooplankton were feeding on larger sus-
pended particulars or small nauplii or were preying on each
other for a time. The spring and summer communities were
represented mainly by Oithona nana and Crustacean nauplii
(Copepoda and Cirripedia), parallel to the blooming Nitzschia
spp.
In spite of the fact that ciliates constitute a major compo-
nent of the microzooplankton in most marine environments
(Alder and Boltovskoy, 1991; Pierce and Turner, 1993;
Abboud-Abi Saab, 2002), and the percentage of aloricates is
slightly lower in neritic waters, where tintinnids even dominate
occasionally, and increases towards the open ocean (Margalef,
1973; Leakey et al., 1994; Sanders, 1995). The standing stock
of ciliates in the present work was low (mean 62%), in which
loricate ciliates showed a mean concentration about >90 times
higher than aloricate ciliates, suggesting that ciliates may be
consumed by other zooplankton, or small pelagic ﬁshes. The
leading species was Rhabdonella spiralis. Other factors may
affect the presence of ciliates, that is zooplankton samples were
studied by sea water ﬁltration, and small ciliates (aloricate and
loricate) or other cells under 50 lm could pass through the
mesh of the ﬁltering area and therefore, there could be some
underestimation of the aloricate ciliates during the present
study.
Species diversity was generally low, but highest values were
recorded in summer 2010 (mean 1.317) and lowest in autumn
2009 (mean 1.079). The diversity index was low owing to the
dominance of just a single or few species. In the present study,
the highest species diversity, found in summer 2010, was attrib-
uted to a relatively balanced distribution of abundance among
species. The present study found that the diversity and abun-
dance of zooplankton species varied seasonally. Although this
study failed to conclusively support this variation with
statistical signiﬁcance, it is believed that other factors were
responsible for the noted seasonal variation.
Figure 2 Seasonal variations of zooplankton abundance (ind. m3) subdivided by groups and species diversity index of Matrouh
beaches from summer 2009 to summer 2010.
288 S.M. Aboul Ezz et al.The species richness in Matrouh beaches is apparently
lower than those of other inshore areas of the Egyptian Med-
iterranean coasts, where 46 tintinnid species were recorded by
Dorgham (1987), 33 copepods and 13 tintinnids by Hussein
(1997), 19 copepods and 6 tintinnids by Soliman (2006), 14
copepods and 31 tintinnids by Zakaria et al. (2007) and 21
copepods by Abdel-Aziz et al. (2007).
Under stable environmental conditions and in the absence
of predators, succession in zooplankton communities lead
mainly to the dominance of a single species, due to theelimination of the inferior competitors, acquiring more rele-
vance (Gause, 1934; Hardin, 1960; Rothhaupt, 1990). The sin-
gle dominant species appeared sporadically in some beaches
and during some seasons.
Three classes of water quality were deﬁned for the
Shannon–Weaver diversity index by Wilhm (1975), who
implied that a high H0 value suggested a rich diversity and
therefore a healthier ecosystem (less pollution), whereas a
low H0 value suggested poor diversity and thus a less healthy
ecosystem (more pollution). In terms of H0 values, except for
Zooplankton variability in Matrouh beach 289beaches 7 and 9 the waters of Matrouh beaches can be placed
in class II, which implies that they are moderately polluted;
whereas beaches 7 and 9 can be placed as polluted ecosystem.
The results suggest that the most striking feature of the zoo-
plankton communities was the high spatial variability in terms
of abundance and species diversity, which showed speciﬁc
coastal Mediterranean values. It can be concluded that the
index based on WQI is currently more suitable than the zoo-
plankton species index for assessing the quality of the water
of Matrouh beaches.References
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